
INTC RNATIONAL APPUCATION PUBI J^um iiMncT^ t^r^ « 

^wi^iiuiN fUflUSHED UND ER THE PATENT CXKDPERATTOM tdpatv ^w.^ 

(51) Intcniatioiiml ^ 1 1— — * v-v^rHKA TION TREATY (PCT) 

E21B 43^0, 33/10 ai ^nJenutkm^ PubHoilto Number: WO 99/02818] 


Al 


(43) Internmtioial PubOcatfaa Date: 


my iDlmiatloiisI AppOcatka Hawhm PCr/GB98«)2066 
(22) International Ming Date: jjjuly 1998(13.07.98) 


(30) PHorfty Data: 


12 July 1997 (IZ07^ 


GB 


WEULSYSTCMS UMTTCD [OB/OBl; Offihore Tedmol. 
sodJot) ^'^^ '^'^ A**"*"" 

C72) Inventi»-, and 

KSipSi. *• 

(74) Agml.: McCALLUM. wnila«, Poter et .1^ CndlHtank A 
(CT)! * " Exchange Squae. Q| 3ab 


21 Jtmniy 1999 (21i)t.99) 


"J*™- TT, UA. Ua IB, uz. VN YU iS Sift 

CO. a. ev. OA. OH o«. Ml, STiif ^"iof • 

Publlsbed 

With imemaHanai search report 



(57) Abstract 


BEST AVAILABLE COPY 


AL 
AM 
AT 
AU 
AZ 
BA 


BG 
BJ 
BB 
BY 
CA 
CP 
CC 
CH 

a 

CM 

CN 

cw 
cz 

DB 
OK 
EE 


FOR THE PURPOSES OF INFORM ATtON ONLY 
Codes used to identify SdtepailytothpPCroiithefionlpag«of pamphleis publishing infemational applications under the PCT. 

Spain 


Ansoiia 
Austria 
AwtnlU 
AmtMijan 

BooUa tnd Henefovftu 


Buririna Faso 

Benin 
Brazil 


Centnl AincaB RqwbUe 
Coaso 

Switiertand 
COte d'lvotfc 
Cunerooo 
China 
CuU 

Czech ReiMbUc 
Gennany 


Estonia 


n 

FR 

GA 

GB 

OB 

GH 

CN 

OR 

HU 

IB 

IL 

IS 

IT 

JP 

K£ 

KG 

KP 

KR 

KZ 
LC 
U 
UC 
LR 


UutedKiudMa 
Ghana 


Grwee 
hctnd 

iBWl 


Italy 
lapan 

Kyigyzsiaji 
OtxMon^ Peoplc'i 
Repoblc of Korea 
RqMbicafKoiea 


Saaai Laoa 

LiedtteMtda 

SriLmka 


L5 
LT 
LU 
LV 
MC 
MS 
MG 
MX 

ML 

MN 

MR 

MW 

MX 

NB 

HL 

NO 

nz 

PL 
PT 
RO 
RU 


SG 


LAacnbOQix 


RepiUlcarMoldoya 

Madasucar 

71c toner Y\«odiv 

Rep«MIc of MModttiia 


MtUwi 
MnicD 
Niger 

NcdMrbada 
Noiway 


a 

Slovcaia 

SK 

Slovaku 

SN 

SeaefiJ 

sx 

Swazlhod 

TD 

Chad 

TC 

Togo 

TJ 

TapUstait 

TM 

T^ifaneniiiaB 

TR 

T\jrtey 

TT 

TTiildadandTob^ 

UA 

tAnioe 

UG 


US 

Unlttd sua of America 

UZ 


VN 

Viet Nam 

VU 

Yugoahria 

zw 



Poind 
Portugal 


SngapOR 


BEST AVAILABLE COPY 


wo 99/02818 


PCT/GB98/02066 


sssmsHiSLissmi 


This invention relates to downhole tubing, a downhole 
tubing sealing system, and to elements of such a system. 
The invention also relates to a method of lining a bore and 
to a method for sealing dovmhole tubing. 

m oil and gas extraction operations, a bore is 
drilled through the earth to intersect a hydrocarbon- 
bearing formation which forms the hydrocarbon reservoir, 
allowing oil and gas from the reservoir to be transported 
to the surface. The bore intersecting the reservoir is 
typically lined with steel casing which is cemented in the 
bore. A perforating gun is then lowered into the bore and 
detonated to form perforations which extend through the 
casing and the cement and into the formation. Typically, 
sets of perforations are provided at intervals along the 
casing, and the perforated casing may extend for several 
thousand metres through the formation. To control the flow 
of oil from the formation inflatable packers may be 
provided to isolate selected sets of perforations and thus 
isolate the corresponding portions of the formation. 

It has recently been proposed that such cemented and 
perforated casing be replaced by expandable slotted tubing, 
such as described in WO93\25800 (Shell Internationale 
Research Maatschappij B.V.).. such tubing comprises lengths 
of tube which have been machined to create a large number 
of overlapping longitudinal slots. The tube is radially 
expanded, while downhole. into contact with the bore wall. 
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the slots extending to create diamond -shaped apertures. 
The expanded tube thus provides support for the bore wall 
while allowing oil to flow into the bore through the 
extended slots. 

It is among the objectives of embodiments of the 
present invention to provide a system which allows a 
section of bore wall lined with such expanded cubing to be 
sealed or isolated, and thus facilitate control of the flow 
of oil from a hydrocarbon reservoir. 

According to one aspect of the present invention there 
is provided downhole tubing comprising a radially 
expandable slotted tubular body carrying deformable 
material on the exterior thereof. 

According to a further aspect of the present invention 
there is provided a downhole tubing sealing system 
comprising a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof, and 
a seal member for location within the body and for engaging 
an inner surface of the body. 

In use. the tubular body is located in a bore and 
expanded radially into contact with the bore wall. The 
presence of the deformable material on the exterior of the 
body ensures that full contact is achieved between the 
outer surface of the body and the bore wall. The sealing 
member is then activated to engage the inner surface of the 
body and provides a sealing contact therewith. The length 
of the seal member and/or the location of the seal member 
in the body is selected such that none of the slots in the 
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body extend beyond both ends of the seal meniber; otherwise, 
fluid would be able to flow around the seal member by 
passing along the slots. 

According to another aspect of the present invention 
there is provided a method of isolating a portion of a 
downhole bore, the method comprising the seeps of: 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; 

locating the body in a bore and expanding the body 
radially into contact with the bore wall; and 

locating a seal member within the body and radially 
extending the member to engage an inner surface of the 
body. 

As used herein the terms "slots" is intended to 
encompass any holes or apertures which facilitate expansion 
of the body, including bores, slots or weakened areas which 
initially only extend part way through the body. 

These aspects of the invention permit the complete 
sealing of a bore lined with expanded slotted tubing. 
Conventional expanded slotted metal tubing does not achieve 
a fluid-tight metal-to-rock contact: because the outer 
surface of the tubing tends to retain its original 
curvature, that is the curvature of the unexpanded tubing, 
not all of the outer surface contacts the bore wall 
following expansion. With the inner surface sealed, for 
example by a packer, there remains a small area S-shaped 
leak path between the tubing and the bore wall where the 
tubing is not in contact with the wall; this leak path may 
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account for around 0.5% of the cross sectional area of a 
bore. However, with the present invention the deformable 
material on the outer surface of the body allows complete 
contact between the body and the bore wall and eliminates 
this leak path. 

Preferably, the deformable material is an elastomer. 
Of course the deformable material will be selected to 
withstand handling and the conditions experienced downhole. 
for example the selected material preferably bonds to the 
body outer surface sufficiently to prevent erosion or 
degradation during installation, withstands the elevated 
temperatures experienced downhole (typically 130 - ieo«C) , 
and is resistant to crude oils, brines, acids and other 
fluids likely to be encountered downhole. 

According to a further aspect of the present invention 
there is provided a method of lining a downhole bore, the 
method comprising the steps of: 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; and 
locating the body in a bore and expanding the body 
radially into contact with the bore wall. 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a schematic sectional view of a downhole 
sealing system in accordance with an embodiment of the 
present invention, shown in a bore; 

Figure 2 is an enlarged sectional view on line 2 - 2 
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Of Figure i; and 

Figure 3 is an enlarged side view of the tubing of 
system of Figure l. one half of the Figure illustrating the 
effect Of the absence of a deformable material coating as 
provided in embodiments of the present invention. 

The drawings illustrate a downhole' tubing sealing 
system 10 in accordance with an embodiment of the present 
invention. The system 10 is shown, in Figure l of the 
drawings, in a drilled horizontal bore 12 which intersects 
an oil bearing formation or reservoir 14. 

The system 10 includes tubing 16. similar to that as 
described in W093\25800 (Shell Internationale Research 
Maatschappij B.V.), which includes a large number of 
overlapping longitudinal slots 18. The tubing 16 is run 
into the bore 12 in unexpanded configuration and a mandrel 
then pushed up or pulled through the tubing IS to expand 
the tubing radially outwards. The expansion is 
accommodated by the extension of the slots 18 to form the 
diamond shaped apertures as illustrated in Figure 3 of the 
drawings. As may be seen in Figure 2 of the drawings, the 
tubing 16 is expanded into contact with the bore wall 22. 
and thus provides support for the bore wall 20 while 
allowing oil to flow from the reservoir through the 
expanded slots 18. 

The tubing is is formed of an appropriate metal, 
typically steel, and carries an external coating of a. 
deformable material in the form of an elastomer 22. The 
provision of the elastomer coating allows the outer surface 
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Of the tubing 16 co for. a sealing contact with the bore 
wall 20, as described below. 

on expansion of the tubing 16, the metal outer surface 
of the tubing tends to retain its original curvature, that 
is the curvature of the unexpanded tubing, as n,ay be seen 
fro™ Figure 2 . As a result, in the absence of an elastomer 
coating 22. not all of the outer surface of the tubing 
would contact the bore wall 22 following expansion; metal- 
to-rock contact would only be achieved at the contact 
points 24 as indicated in Figures 2 and 3 . Thus, it may be 
seen that, in the absence of the elastomer coating, a small 
area S-shaped leak path would remain between the tubing and 
the bore wall where the tubing was not in contact with the 
wall. However, in the present invention, differential 
compression of the elastomer coating 22 ensures that there 
is an elastomer-to-rock contact around the circumference of 
the tubing (though of course not at the slots 18). 

in the illustrated example the reservoir 14 has been 
isolated from the bore 12 by providing a packer 26 within 
the tubing 16, the packer providing a sealing contact with 
the interior of the tubing 16 over the length of the 
intersection of the bore 12 with the reservoir 14. The 
packer 26 is mounted on a tube 28 which allows fluid to 
flow past the isolated reservoir 14. 

It will be apparent to those of skill in the art that 
the above-described embodiment provides numerous advantages- 
over conventional cemented and perforated casing systems, 
and also other methods of sealing expanded slotted tubing. 


6t 


wo 99/02818 

PCT/GB98A)2066 


7 


such as providing an external isolation sleeve on the 
tubing. With the present invention, the whole length of 
the tubing may contribute to flow as all of the slots in 
the tubing are normally opened. Further, the internal 
sealing member or packer may be provided at any location in 
the tubing, and is thus adaptable to deal with any 
situation or problems that may arise in a bore. 

It will also be clear to those of skill in the art 
that the above-described embodiment is merely exemplary of 
the present invention, and that various modifications and 
improvements may be made thereto, without departing from 
the scope of the present invention. 
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Downhole tubing comprising a radially expandable 
slotted tubular body carrying defortnable. material on the 
exterior thereof. 

5 2. The downhole tubing of claim 1 wherein said deformable 
material is an elastomer. 

3. The downhole tubing of claim 2 wherein said elastomer 
is selected to be resistant to high temperatures, and to 
crude oils, brines, acids, and other degradative fluids 

10 encountered downhole. 

4. A downhole tubing sealing system comprising the 
downhole tubing of claims 1 to j, and a seal member for 
location within said body and for engaging an inner surface 
of said body. 

15 5. A method of isolating a portion of a downhole bore, 
the method comprising the steps of: 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; 

locating said body in a bore and expanding said body 
20 radially into contact with the bore wall; and 

locating a seal member within said body, and radially 
extending said member to engage an inner surface of said 
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6. A method of lining a downhole bore, the method 
comprising the steps of: 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; and 

locating said body in a bore and expanding aaid body 
radially into contact with the bore wall. 
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